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© Laminated preform with internal barrier layer. 

© This relates to laminated preforms, the method 
of forming such preforms and products which may 
be beneficially formed utilizing such preforms. Most 
particularly, this relates to a preform which has 
formed as part of the injection molding thereof two 
layers of barrier material which are disposed within 
two layers of thermoplastic resin and having re- 
ceived therebetween a solid core of thermoplastic 
resin. The specific method of forming the preform 
permits the barrier material layers to be of a greatly 
reduced thickness as compared to such iayer thic- 
knesses permissible in the past, with the result that 
CJthe barrier material layers in the blow molded arti- 
^cles are of a thickness recognized to be acceptable 
fvafor the barrier function. The barrier material layers 
r^may be selectively terminated along the length of 
***the preform so as to permit portions of the resultant 
^ blow molded article to be removed and reused. 
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Laminated preform with internal barrier layer 


This invention relates in general to new and 
useful improvements in preforms formed by injec- 
tion molding thermoplastic materials and which 
preforms are utilized in the forming of blow molded 
articles. 

This invention particularly relates to the forming 
of a preform of a thermoplastic material having 
incorporated therein a layer of barrier material. 

Currently multi-layer containers are produced 
commercially utilizing the following methods of pro- 
cessing: 

a. Coextrusion blow molding 

b. Coextrusion stretch blow molding 

c. Tube coextrusion and reheat stretch blow 
molding 

d. Sequential injection molding of preforms 
in multi-station injection molds and stretch blow 
molding. 

Among the methods listed above, method "d" 
is the only one which yields finished cold multi- 
layer preforms. But this method is still not practical 
for producing multi-layer preforms with one of the 
layers having a thickness of .003 to .015 inch. 

There has been developed a method of for- 
ming a preform by injection molding wherein there 
is incorporated therein a central layer of barrier 
material. This is disclosed in U.K. patent applica- 
tion No. 2091 629A. However, because of the cost 
of the barrier material, the thickness of the barrier 
layer which is possible in accordance with that 
patent application is too great to be commercially 
feasible. 

Barrier materials which are suitable for use in 
the forming of containers have 2 to 3 magnitudes 
higher gas barrier and are 4 to 8 times more 
expensive when compared to thermoplastic materi- 
als suitable for use in the forming oi containers. 
The thickness of the barrier layer required in a 
container wall for the majority of the packaging 
applications is on the order of .0005 to .0015 inch. 
This would, assuming a 10 times all thickness 
reduction during the biaxial orientation of blow 
molding a preform, translates to a .005 to .015 inch 
layer thickness of the barrier material in the wall of 
a multi layer preform. 

US-A-3,976,226 discloses an apparatus for the 
manufacture by injection molding of articles com- 
posed of a plurality of layers of at least three 
distinct materials coated one over the other, in 
which there is injected a measured quantity of a 
first material adapted to form the skin of the article, 
a measured quantity of a second material to form 
the intermediate layer, and a measured quantity of 
a third material to form the body of the article. The 
materials are introduced into the mold coaxially so 


as to give a uniform distribution. The injection 
molding apparatus includes an injection nozzle hav- 
ing a single discharge channel opening on the side 
of the mold and at least three coaxial chambers 
5 each connected to a separate supply circuit for 
each material to be injected. 

Accordingly, the present invention provides a 
method of forming a blow molded hollow member 
having a laminated wall including at least one thin 

to intermediate layer which is free of a heat bond with 
adjacent layers, said method comprising the steps 
of forming an injection molded laminated wall 
preform and blow molding the preform into a hol- 
low member while reducing the thickness of the 
• is layers characterised in that said at least one inter- 
mediate layer is tightly compressed between said 
adjacent layers to form a diffusion bond with said 
adjacent layers, and, during the blow molding of 
the preform, biaxialiy stretching the layers with the 

20 thickness of said intermediate layer being reduced 
to a substantially incompressible thickness. 

The present invention also provides apparatus 
for forming a laminated preform having inner and 
outer first layers, inner and outer second layers 

25 within said first layers, and an innermost third layer, 
said apparatus comprising a preform forming injec- 
tion mold unit including a mold element and a 
cooperating core defining a mold cavity; and a 
supply means for supplying thermoplastic resin 

30 under pressure and a separate supply means for 
supplying barrier material under pressure; charac- 
terised in that there is provided a valve coupling 
said supply means and said mold unit; and means 
for actuating said valve in sequence for admitting 

35 first a preselected quantity of said thermoplastic 
resin to said mold cavity, then a preselected quan- 
tity of said barrier material to said mold cavity, and 
finally more of said thermoplastic resin to said 
mold cavity. 

40 The present invention further provides a lami- 

nated preform for forming blow molded articles and 
the like wherein said preform has a tubular wall 
having inner and outer surfaces and said tubular 
wall in radial cross section comprises inner and 

45 outer first layers of a thermoplastic resin, charac- 
terised in that said tubular wall in radial cross- 
section further comprises inner and outer layers of 
a barrier material next to and between said inner 
ad outer first layers, and a second layer of thermo- 

so plastic resin between said barrier material layers. 

In accordance with this invention, one takes 
advantage of mold filling phenomenon which com- 
prises: 

1 . Laminar flow 

2. The development of elongational and 
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shear fields in the advancing melt front between 
two parallel cold walls 

3. The formation of oriented solidified layers 
on the cold wall and the tunnel flow of molten 
material between the solidified layers. 

A further feature of the preferred form of this 
invention is the ability to provide two very thin 
barrier layers instead of one thick layer and the 
advantages resulting therefrom. 

The present invention is further described 
hereinafter, by way of example, with reference to 
the accompanying drawings, in which: 


IN THE DRAWINGS : 

Figure 1 is a schematic sectional view taken 
through one injection mold cavity, and shows the 
manner in which material is directed into the cavity 
to form a preform in accordance with this invention. 

Figure 2 is an enlarged fragmentary sche- 
matic view showing the manner in which a first 
quantity of thermoplastic resin is injected into the 
bottom of the mold cavity and the resultant cooling 
upon contact with cold wall surfaces. 

Figure 3 is a schematic sectional view simi- 
lar to Figure 2, and shows the injection of a barrier 
material into the bottom of the mold cavity and the 
resultant tunnel flow of both the first quantity of 
thermoplastic resin and the barrier material. 

Figure 4 is a schematic fragmentary sec- 
tional view similar to Figures 2 and 3, and shows 
the progressive flow of a second quantity of ther- 
moplastic resin into and through the layers of the 
first thermoplastic resin and the barrier material. 

Rgure 5 is an enlarged fragmentary radial 
sectional view showing the flow of the thermoplas- 
tic material forming the first layers of the laminated 
preform. 

Figure 6 is a diagram plotting the injection of 
the materials into the mold cavity against time. 

Rgure 7 is another diagram plotting pressure 
within the mold cavity against time. 

Rgure 8 is an enlarged radial sectional view 
through the neck finish end of a preform in accor- 
dance with this invention for forming a blow molded 
bottle, and shows one arrangement of material lay- 
ers within the preform. 

Rgure 9 is a fragmentary sectional view 
similar to Figure 8, but showing another relation- 
ship of the material layers in the area of the neck 
finish. 

Rgure 10 is yet another enlarged fragmen- 
tary sectional view similar to Figure 8, and shows 
yet another arrangement of the material layers 
within the preform. 

Rgure 11 is an enlarged fragmentary sec- 
tional view similar to Rgure 8, but through a slight- 


ly different type of preform, and shows the arrange- 
ment of the layers therein. 

Rgure 12 is yet another enlarged fragmen- 
tary sectional view similar to Rgure 8, but with 
5 respect to a preform of the type shown in Rgure 
11 and showing yet another arrangement of ma- 
terial layers. 

Figure 13 is a vertical sectional view taken 
through an intermediate article of manufacture uti- 
io lizing a preform such as that shown in Rgures 11 
and 12. 

Figure 14 is a fragmentary enlarged radial 
sectional view taken generally along the line 14-14 
of Rgure 13, and shows the arrangement of the 
75 layers of material within the article. 

Rgure 15 is an enlarged fragmentary sec- 
tional view similar to Rgure 14, and shows a dif- 
ferent arrangement of the material layers. 

Rgure 16 is a vertical sectional view taken 
20 through a bottle or like container formed utilizing 
one of the preforms of Figures 8-10. 

Rgure 17 is an enlarged fragmentary radial 
sectional view taken generally along the line 17-17 
of Rgure 16, and shows the relationship of layers 
25 of material in the finished bottle. 

Referring now to the drawings in detail, it will 
be seen that there is illustrated in Rgure 1 a 
conventional injection mold generally identified by 
the numeral 20. It is to be understood that this is a 
30 schematic showing in that a conventional injection 
mold for forming a preform will include numerous 
cavities, for example sixteen or more, arranged in 
rows and columns. Such an injection mold is gen- 
erally of a solid construction and each injection 
35 mold unit will include a mold cavity 22. Each mold 
unit 20 will also include a neck ring 24 which forms 
an extension of the mold cavity 22 and defines a 
neck finish. The neck ring 24 may be of a split 
construction. Further, each mold unit 20 is provided 
40 with a core 26. 

It will be seen that the neck ring 24 in conjunc- 
tion with the core 26 closes what may be consid- 
ered to be the upper end of the mold cavity 22 
while the lower end of the mold cavity is provided 
45 with an opening 28 which may receive in sealed 
relation the nozzle of an extruder. 

In accordance with the present invention, in 
lieu of the nozzle of the extruder being directly 
received within the opening 28, a nozzle-like end 
so 30 of a rotary valve member 32 is received in the 
opening 28 in sealed relation. The valve member 
32 is mounted in sealed relation within a valve 
block 34 which has formed therein a first passage 
36 which receives the conventional nozzle 40 of a 
55 piasticizer or injection head. The passage 36 opens 
radially toward the rotary valve member 32. The 
rotary valve member 32 has a through passage 42 
which at one end terminates in a generally radial 
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passage 44 which can be aligned with the passage 
36. There is also associated with the valve block 34 
a second material dispenser 16 which in its sim- 
plest form may include a dispensing piston 48 and 
which has a flow passage 50 exiting therefrom 
toward the valve block 34. The valve block 34 has 
a radial passage 52 which is axially aligned with 
and in communication with the passage 50. The 
passage 52 terminates at the valve member 32. 
The valve member 32 has a further passage 54 
extending generally radially from the passage 42 
and so circumferentially spaced from the passage 
44 such that when the passage 44 is aligned with 
the passage 36 the passage 54 is spaced from the 
passage 52 in a circumferential direction. By rotat- 
ing the valve member 32, the passage 44 may be 
moved out of communication with the passage 36 
and the passage 54 moved into communication 
with the passage 52. Thus material may be selec- 
tively supplied from either the plasticizer or from 
the supply device 46. 

In accordance with this invention, the material 
delivered by the plasticizer will be a suitable ther- 
moplastic resin in the form of a hot melt. This resin 
may be such materials as PET, PP. PE, PVC and 
PC. The barrier material which is supplied by the 
supply device 46 may be of any conventional 
known barrier material including, for example, 
EVAL, EVOH, PVOH and the like, or such barrier 
materials as may be developed in the future. 

With respect to the foregoing, it is to be noted 
that EVAL has barrier properties on the order of 
one hundred times that of PET; EVOH has barrier 
properties on the order of one hundred to two 
hundred times that of PET: and PVOH has barrier 
properties on the order of two thousand times that 
of PET. Accordingly, only a very thin layer of these 
barrier materials is required, and from a commer- 
cial standpoint it is highly desireable to maintain 
such very thin layers because of the much higher 
cost of the barrier materials than the acceptable 
thermoplastic resins including PET. 

It is also to be understood that the external 
thermoplastic resin layers must be of sufficient 
thickness to protect the barrier layer. On the other 
hand, in the case of a bottle for beverages or other 
products containing C0 2 , the innermost layer of the 
thermoplastic material, i.e. that which defines the 
interior of the container, must be relatively thin so 
as not to absorb C0 2 . 

With the foregoing requirements in mind, the 
manner in which a laminated preform is formed in 
accordance with this invention will be described in 
detail. 

Referring first to Figure 2, it will be seen that a 
preselected limited amount of a first thermoplastic 
resin 56 will be injected into the bottom of the mold 
cavity 22 and as it flows through the mold cavity, 


due to the relatively cool temperature of the mold 
unit 20 including the core 26, there will be solidi- 
fication of the thermoplastic resin 56 both exter- 
nally and internally of the mold cavity 22 to define 
5 inner and outer layers 58, 60 of the first thermo- 
plastic resin. 

Reference is particularly made to Figure 5 at 
this time wherein it will be seen that the thermo- 
plastic resin 56 has a laminar flow with the velocity 

to of the advancing thermoplastic resin being the 
greatest in the center and diminishing toward zero 
adjacent the mold components. The velocity of the 
advancing thermoplastic resin 56 is generally in- 
dicated by an arrow schematic arrangement 62. It 

75 is to be understood that as the thermoplastic resin 
56 solidifies upon contacting the mold components, 
the flow of the thermoplastic resin will discontinue 
adjacent the walls of the mold cavity 22 and there 
will be a tunnel flow effect between the layers 58, 

20 60. Further, due to the relatively cool air within the 
mold cavity 22, there will be a slight cooling of the 
advancing front of the thermoplastic resin 56, which 
front is identified by the numeral 64. 

It is to be understood that the thickness of the 

25 layers 56, 60 will be varied depending upon factors 
such as: 

1. Material properties (viscoelastic and ther- 
mal) 

2. Cavity dimensions 

30 3. Injection velocity (pressure). 

It is to be understood that a precise amount of 
the first thermoplastic resin 56 will be injected into 
the mold cavity 22 over a selected period of time, 
with this being schematically shown in Figure 6, 

35 and at a low pressure as indicated in Figure 7. The 
quantity of the thermoplastic resin which is injected 
into the mold cavity may be controlled in many 
conventional manners. Basically, injection of the 
thermoplastic resin is effected by axially advancing 

40 the feed screw of a plasticizer, and a suitable stop 
may be provided to limit the advance of the feed 
screw. There also will be the timed rotation of the 
valve member 32 to move the passage 44 out of 
alignment with the passage 36 and thus the quan- 

45 tity of thermoplastic resin 56 injected into the mold 
cavity 22 may be controlled by the timing of the 
actuation of the valve member 32. 

As is schematically shown in Figure 6, the 
barrier material which is next injected into the mold 

so cavity and is identified by the numeral 66, is fed 
toward the mold cavity in slightly overlapping rela- 
tion with respect to the thermoplastic resin 56. It is 
to be understood that mechanism for feeding the 
barrier material 66, as schematically shown in Fig- 

55 ure 1 , may be of a single shot type so as to inject 
the exact amount of barrier material required. 

With respect to Figure 7, it will be seen that 
the barrier material 66 will be injected into the mold 
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cavity 22 ay a pressure only slightly higher than 
the pressure of the thermoplastic resin 56 with 
there being a very slight pressure drop as at 67 
between the discontinuation of injecting the ther- 
moplastic resin 56 and the initiation of the injection 
of the barrier material 66. The overlap in injection 
is to keep the pressure drop to a minimum. 

Referring now to Figure 3, it will be seen that 
the barrier material 66 will have a tunnel flow 
through the cavity defined between the layers 58, 
60 and at the same time will advance the pre- 
viously injected thermoplastic material 56. Normally 
the barrier material will have a lower melting tem- 
perature than the thermoplastic resin 56, and there- 
fore the cooling effect of the thermoplastic resin 
layers 58, 60 on the barrier material 66 will not be 
as great as the mold surfaces on the thermoplastic 
material 56. Thus, while there will be a solidification 
of the barrier material 66 as it contacts the solidi- 
fied layers 58, 60 and there will be formed inner 
and outer solidified layers 68, 70 of the barrier 
material, these layers will be materially thinner than 
the layers 58, 60. For example, the layers 58, 60 
will have a thickness varying from .010 to .040 
inch, while the barrier material layers 68, 70 will 
have a thickness as low as .003 inch. 

Referring now to Figure 4, in the illustrated 
embodiment of the mechanism for feeding the ther- 
moplastic resin, an additional supply of the same 
thermoplastic resin identified by the numeral 56 is 
injected into the mold cavity. This additional supply 
of thermoplastic resin is generally identified by the 
numeral 72. The thermoplastic resin 72 as it ad- 
vances within the confines of the layers 68, 70 of 
the barrier material will re-melt the barrier material 
and advance it together with the barrier material 
melt 66 through the tunnel defined by the layers 
68, 70, thereby reducing the thickness of the layers 
68, 70. As will be apparent from Figure 4, the 
advancing thermoplastic resin 72 will advance the 
barrier material 66 which, in turn, will continue to 
advance the thermoplastic resin 56. 

Further with respect to Figure 4, it will be seen 
that the advancing large quantity of the thermoplas- 
. tic resin 72 as it engages the layers 58, 68 at the 
end of the core 26, will melt portions of the solidi- 
fied layers 58, 68 and advance the same with the 
result that there may be no portion of either the 
layer 58 or the layer 68 at the extreme end of the 
core 26. 

Referring next to Figure 6, it will be seen that 
the thermoplastic resin 72 is advanced in slightly 
overlapping relation with the barrier material 66. It 
is to be understood that once the injection of the 
barrier material 66 has been completed the valve 
member 32 will be rotated to a position to receive 
the thermoplastic resin 72. In the illustrated em- 
bodiment, the valve member 32 will be returned to 


its starting position since the thermoplastic resin 72 
is delivered from the sale supply as the thermo- 
plastic resin 56. 

With respect to the diagram of Figure 7, it will 
5 be seen that the thermoplastic resin 72 will be 
injected first at a gradually increasing pressure 
above the pressure of the injection of the barrier 
material 66 with a slight initial pressure drop, as 
indicated at 74. Then, when the cavity 22 has been 
io filled, there will be a pressure boost, as at 76, 
followed by a holding period 78 wherein the pres- 
sure of the hot melt material injected into the mold 
cavity will gradually decrease as the thermoplastic 
material 72 gradually solidifies. 
75 Depending upon usage of the preform which is 

formed in the manner described above, the amount 
of the thermoplastic resin 56 and the barrier ma- 
terial 66 injected into the mold cavity 22 will vary. 
Further, the shape of the preform at the front end 
20 thereof will vary. 

In Figures 8, 9 and 10, there are illustrated 
preforms which are particularly adapted to be used 
in their entireties in the blow molding of bottles and 
like containers wherein a small diameter closure is 
25 applied by means of screw threads. 

With respect to Figure 8, the illustrated preform 
portion is part of a preform identified by the nu- 
meral 80 and includes a laminated body 82 which 
terminates in a neck finish generally identified by 
30 the numeral 84. The neck finish 84 includes injec- 
tion molded threads 86 and a shoulder member 88 
by means of which the preform 80 is supported 
during reheating and blow molding. 

In the preform 80, the quantity of thermoplastic 
35 resin 56 injected into the mold cavity is sufficient to 
have the layers 58, 60 extend to the extreme end 
of the preform 80 and to form at the extreme end 
an end wall 59. Further, the quantity of barrier 
material injected into the mold cavity is sufficient to 
40 have the layers 68, 70 extend to a point adjacent 
the extreme end of the preform and to form an end 
wall 69 adjacent the end wall 59. The thermoplastic 
resin 72 will also extend to a point adjacent the 
extreme end of the preform 80 as permitted by the 
45 end wall 69. 

In Figure 9 there is illustrated a preform 90 
which will be of the same configuration as the 
preform 80. Further, while the quantity of the ther- 
moplastic resin 56 directed into the mold cavity will 
50 be sufficient for the layers 58,60 to go to the 
extreme end of the preform including a neck finish 
portion 92 thereof and to form the end wall, the 
quantity of the barrier material 66 injected into the 
mold cavity will be such that the layers 68, 70 will 
55 terminate interiorly of the preform short of the neck 
finish 92 into that area of the resultant bottle which 
becomes the shoulder of the bottle, as will be 
described in detail hereinafter. 
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With respect to Figure 10. the preform 94 
thereof is also of an identical configuration to the 
preform 80. However, the quantity of the thermo- 
plastic resin 56 introduced into the mold cavity will 
be only sufficient for the layers 58, 60 to extend to 
a point adjacent to the neck finish 96 of the 
preform 94. Thus, the neck finish part of the 
preform 94 will be formed solely by the thermo- 
plastic resin 72. Further, the quantity of the barrier 
material 66 injected into the mold cavity will be 
such that the layers 68, 70 terminate internally of 
the preform short of the termination of the layers 
58, 60. 

In Figures 11 and 12 there are illustrated 
preforms for forming containers and like hollow 
articles other than bottles or containers with small 
diameter neck finishes. An extreme end portion 
only in radial section of such preform is illustrated 
in each of Figures 11 and 12. 

With particular reference to Figure 1 1 , it will be 
seen that there is illustrated a preform 98 having an 
open end portion 100 which may include a support- 
ing flange or collar 102. Inasmuch as the end 
portion 100. as will be described in detail 
hereinafter, is utilized solely as a support in the 
blow molding of the preform 98 into a tubular 
shape, it is not necessary that the barrier material 
66 extend into the end portion 100. Therefore, only 
sufficient barrier material is injected into the mold 
cavity of the preform 98 so as to permit the layers 
68, 70 to terminate adjacent the end portion 100. In 
a like manner, the quantity of thermoplastic resin 
56 injected into the mold cavity will be only suffi- 
cient to have the layers 58, 60 extend generally 
into the area of the end portion 100. Thus, the end 
portion 100 will be formed entirely by the thermo- 
plastic resin 72. 

In Figure 12 there is illustrated yet another 
preform 104 which is identical to the preform 98 
including an end portion 106 and a flange or collar 
108, except that the end portion 106 is formed 
entirely by the thermoplastic resin 56 and the lay- 
ers formed by the resins 66 and 72 terminate in 
relatively great spaced relation to the end portion 
106. The preform 104 is advantageous in forming a 
container or like tubular body wherein an intermedi- 
ate article of manufacture is involved. 

Referring now to Figure 13, it will be seen that 
there is illustrated an intermediate article of manu- 
facture generally identified by the numeral 110 and 
blow molded from a preform such as the preform 
98 or the preform 104. The intermediate article of 
manufacture includes a base portion 112 in the 
form of a container. The base portion 112 includes 
a tubular body 114 having an integral bottom 116 
and terminating in a closure receiving portion 118. 
The illustrated closure receiving portion 118 is In 
the form of a flange adapted to be engaged by a 


conventional metal end unit and forming part of a 
conventional double seam securing the metal end 
unit (not shown) to the base portion 112 which, 
when separated from the remainder of the inter- 
s mediate article of manufacture 110. becomes a 
container. 

Although it has not been so illustrated, the 
intermediate article of manufacture 110 may have 
the closure receiving portion 118 in the form of a 
70 neck finish which may be threaded or otherwise 
modified to receive a closure unit. At this time it is 
to be understood that except for the fact that it is 
formed from a laminated preform the intermediate 
article of manufacture 110 has been formed prior to 
75 this invention. 

It will be seen that the intermediate article of 
manufacture also includes an upper blow molded 
portion 120 which terminates in an end portion 122 
which will correspond to the end portions 100, 106 

20 of the preform 98, 104. 

With respect to Figure 14, the intermediate 
article of manufacture illustrated therein was 
formed from a preform such as the preform 1 04 of 
Figure 12. It is to be understood that the upper 

25 portion 120 is to be separated from the base por- 
tion 112 by a cutting action, such as a fusion 
cutting action, with the removal of a portion 124. It 
will be seen that in this embodiment of the inven- 
tion the layers 68, 70 terminate in the closure 

30 receiving portion 118 and that the layer formed by 
the thermoplastic material 72 terminates entirely 
within the base portion 112. Thus all of the inter- 
mediate article of manufacture 110 which is to be 
severed from the base portion 112 will be formed 

35 by the thermoplastic resin 56 and may be recondi- 
tioned and reused. 

On the other hand, with respect to Figure 15, 
there may be occasions where it is desired that the 
barrier material layers 68, 70 extend beyond the 

40 closure receiving portion 118 into the upper portion 
120. Thus, when the base portion 112 is removed 
from the remainder of the intermediate article of 
manufacture 110, the layers 68, 70 of the barrier 
material will extend through the cut edge of the 

45 base portion 112 into the upper portion 120. in a 
like manner, the layers 58, 60 of the first thermo- 
plastic resin will also extend into the upper portion 
120. Thus, when the base portion 112 is severed 
from the remainder of the intermediate article of 

so manufacture 110 by removal of the material in the 
area 126, the intermediate article of manufacture 
110 illustrated in Figure 15 may be formed, for 
example, from the preform of Figure 11. When the 
cutting action involves heat fusion of the cut layers 

55 to one another may be effected at the end of the 
base portion 120. 

In Figure 16 there is illustrated a conventional 
bottle which may be formed from any one of the 


6 


RNRnnrtirv ^pp 


11 


EP 0 392 571 A2 


12 


preforms of Figures 8, 9 and 10. The bottle is 
generally identified by the numeral 128 and in- 
cludes a tubular body 130 having an integral bot- 
tom 132. The body 130 at its upper end is con- 
nected by way of a shoulder 134 to a neck finish 
136. 

It is to be understood that the neck finish 136 
will be identical to the neck finish of the respective 
preform from which the bottle 128 is blow molded. 
Further, it will be seen that the termination of the 
layers 68, 70 of the barrier material may be at the 
extreme end of the neck finish 136 when the 
preform of Figure 8 is utilized. On the other hand, 
when the preform of Figure 9 is utilized, the layers 
68, 70 of the barrier material will terminate in the 
shoulder 134 adjacent the neck finish 136. Finally 
with respect to the use of the preform of Figure 10, 
both the layers 68, 70 of the barrier material and 
the layers 58, 60 of the first thermoplastic resin will 
terminate in the shoulder 134 adjacent the neck 
finish 136. 

With particular reference to the bottle 128, it is 
to be understood that in the normal blow molding 
of such bottle the body portion 130 will be very 
thin, having been reduced in thickness on the order 
of one-tenth or less so that the material forming the 
body 130 will have a positive and desired biaxial 
orientation. On the other hand, the material of the 
bottle 128 in the shoulder 134 closely adjacent the 
neck finish 136 will have only a minor reduction in 
thickness while the material in the neck finish 136 
will not be reduced in thickness at all. Thus the 
barrier material 66 may beneficially terminate in the 
shoulder 1 34 as described above. 

It is also pointed out here that the extreme 
center of the bottom 132 is of a such greater 
thickness than the body 130, and therefore the 
absence of barrier material in the central part of the 
bottom 132 will not be a material omission. 

Reference is finally made to Figure 17 which is 
a radial cross section of the body 130 and shows 
inner and outer layers 58, 60 of the first thermo- 
plastic material 56, inner and outer layers 68, 70 of 
the barrier material 66, and a central core of the 
other thermoplastic material 72. Inasmuch as there 
is a reduction in thickness of the laminated preform 
on the order of ten times, the thickness of the 
layers 58, 60 in the bottle 128 will be on the order 
of .001 to .004 inch, while the thickness of the 
barrier material layers 68, 70 will be on the order of 
.0003 inch. The thickness of the layer 58 will be 
sufficient to protect the barrier layer 68 against the 
contents of the bottle 128 including available C0 2 . 

Further, it has been found that when the barrier 
material 66 does not have properties which permit 
the heat bonding thereof to the thermoplastic resin 
and the thickness of the layers 68, 70 have been 
relatively great as required by known practices, 


when the blow molded article has been formed 
there has been a positive delamination of the lay- 
ers of barrier material from the remainder of the 
blow molded article. However, when the barrier 
5 material layers in the preform are very thin, as 
described hereinabove, it has been found that the 
prior pronounced delamination does not occur. A 
conventional test for delamination is the squeezing 
of the body of a blow molded article, and if there is 
w delamination there will be a squeaking noise emit- 
ted. When the barrier material layers are very thin 
at the start, the blow molded articles utilizing such 
a preform do not emit the squeaking noise and do 
not show evidence of a complete delamination. 

15 There has recently been developed by others a 

five-layer tubular parison which is formed as an 
extruded tube. Such parison does have a barrier 
layer which is thin, but which is not directly bonded 
to the thermoplastic resins which form the primary 

20 layers of the parison. The method of forming such 
a multi-layer parison is not conducive to The diffu- 
sion bonding of a barrier layer to a conventional 
thermoplastic resin layer by way of pressure when 
the materials of the two layers are not normally 

25 heat bondable together in that the components of 
such a tubular parison are extruded at a low pres- 
sure on the order of 2000 to 5000 p.s.i. and as 
soon as the tube leaves the extrusion head, at 
which time all components are hot, the pressure is 

30 relieved and as the components cool they shrink 
and tend to separate. 

On the other hand, as is schematically shown 
in Figure 7, when the various materials are intro- 
duced into the mold cavity 22 by a conventional 

35 injection molding process, the barrier layers 68, 70, 
in addition to being very thin and thus relatively 
incompressible, are clamped between the core 72 
and the layers 58, 60 at a very high pressure on 
the order of 15,000 to 17,000 p.s.i. Therefore, while 

40 the barrier layers 68, 70 may not be heat bondable 
to the thermoplastic resin layers 58, 60 and the 
core 72, there is a considerable diffusion bonding 
effected between these layers at the high forming 
temperatures and pressures. Further, as is also 

45 shown in Figure 7, after the injection step has been 
completed there is a maintaining of a high pressure 
on the materials previously injected into the mold 
cavity and thus the pressure is maintained between 
the layers as the materials of the layers shrink, 

so thereby preventing any tendency to separate due 
to relative shrinkage. 

Since the thickness of the barrier layers 68, 70 
may be as low as .003 inch, it will be apparent that 
it is of a relatively incompressible thinness. Further, 

55 as disclosed hereinbefore, the preform, at least in 
the body portion of the resultant blow molded hol- 
low member, will be steetched on the order of ten 
times, thereby reducing the thickness of the barrier 
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layers 68, 70 to be as low as .0003 inch, which 
thinness results in the resultant barrier layers as 
being extremely thin and thus incompressible for 
all practical purposes. The net result is that in the 
resultant blow molded hollow member the barrier 
layers 68, 70 maintain a pressure bond with the 
thermoplastic resin layers 58, 60 and the core 72. 

Although specific materials have been de- 
scribed as being beneficially acceptable, it is to be 
understood that the possibilities of utilizing barrier 
materials which are not commercially acceptable at 
this time definitely exist because of the ability to 
maintain the thickness of the barrier material layers 
in the blow molded article one which provides for 
the desired barrier characteristics without utilization 
of an excess amount of the otherwise prohibitively 
expensive material. 

Although only several preferred embodiments 
of the invention have been specifically illustrated 
and described herein, it is to be understood that 
material layers within the preforms may be varied 
in accordance with the desired uses of the 
preforms and the resultant blow molded articles. 


Claims 

1. A laminated preform for forming blow mol- 
ded articles said preform being of the type formed 
solely by injection molding in a single conventional 
mold unit wherein said preform (80) has a tubular 
wall having inner and outer surfaces and said tubu- 
lar wall in radial cross-section comprises inner and 
outer first layers (58, 60) of an identical coinjected 
thermoplastics resin, characterised "in that said tu- 
bular wall in radial cross-section further comprises 
very thin inner and outer layers (68, 70) of an 
identical coinjected gas barrier material next to and 
between said inner and outer first layers (58, 60), 
and a second layer of thermoplastics resin (72) 
between said barrier material layers. 

2. A laminated preform according to claim 1 
wherein the combined thickness of said inner and 
outer layers (68, 70) of barrier material is of the 
order of 0.1 5mm (0.006 inch). 

3. A laminated preform according to claim 1 or 
2 wherein said preform (80) has a rounded base 
including an endmost part, and said endmost part 
is formed solely by the material of said first layers 
of thermoplastics resin. 

4. A laminated preform according to claim 1 , 2 
or 3 wherein said preform (98) has an open end 
and said layers (68, 70) of barrier material (66) 
terminate in said tubular wall remote from said 
open end. 

5. A laminated preform according to any of 
claims 1 to 4 wherein said layers (68, 70) of barrier 
material terminate between said first and second 


layers (58, 60) of said thermoplastics resin (56). 

6. A laminated preform according to any of 
claims 1 to 5 wherein said preform (80) is for 
forming a blow molded container having a neck 

5 finish (92), said preform includes said neck finish, 
and said barrier material layers (68, 70) terminate 
adjacent but short of said neck finish (92). 

7. A laminated preform according to any of the 
preceding claims wherein said second layer of 

70 thermoplastics resin (72) is of a material different 
from said first layers (58, 60) of thermoplastics 
resin. 

8. A laminated preform according to any of 
claims 1 to 6 wherein said second layer of thermo- 

75 plastics resin (72) is of the same material as said 
first layers (58, 60) of thermoplastics resin. 

9. A blow molded container formed from a 
preform as claimed in any of the preceding claims, 
said container having a bottom (132), a body (130), 

20 and said body terminating in a neck finish (136), 
wherein at least said body (130) is of a laminated 
construction. 

10. A blow molded container according to 
claim 9 wherein said layers (68, 70) of barrier 

25 material have a combined thickness on the order of 
0.015mm (0.0006 inch). 

11. A blow molded container according to 
claim 9 or 1 0 wherein said layers (68, 70) of barrier 
material extend through said neck finish (136). 

30 12. A blow molded container according to 

claim 9 or 10 wherein said layers (68, 70) of barrier 
material extend into and terminate in said neck 
finish (136). 

13. A blow molded container according to 
as claim 9 or 10 wherein said layers (68, 70) of barrier 

material extend to an terminate in an area adjacent 
said neck finish (136). 

14. A method of forming a blow molded hollow 
member (110) comprising the steps of forming by 

40 injection molding in sequence in a single conven- 
tional injection mold for a preform: 

(a) a first thermoplastics resin to form in cross 
section inner and outer first layers (58, 60) of a 
tubular body of a preform formed of said first 

45 thermoplastics resin; 

(b) a gas barrier material to form very thin inner 
and outer layers (68, 70) of the barrier material 
next to and between said inner and outer first 
layers (58, 60); and 

so (c) a second thermoplastics resin forming a core 
layer (72) between said barrier material layers (68, 
70) with said barrier material layers being free of 
heat bonds with said inner and outer first layers 
(58, 60) and said core layer (72), and with said 

55 barrier layers; 

with each of said barrier material layers (68, 70) 
being tightly compressed between adjacent ones of 
said core layer (72) and said inner and outer first 
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layers (58, 60) to form compression diffusion bonds 
between each of said barrier layer (68, 70) and said 
core layer (72) and the respective one of said inner 
and outer first layers (58, 60); 

and blow molding the preform into a hollow mem- 5 
ber while biaxially stretching the layers and reduc- 
ing the thickness of the layers with the thickness of 
each said barrier layer (68, 70) being reduced to a 
substantially incompressible thickness. 

15. A method according to claim 14 wherein 10 
the thickness of each said barrier layer (68, 70) in 

said preform (80) is of the order of 0.076mm (.003 
inch). 

16. A method according to claim 14 or 15 
wherein the thickness of each said barrier layer 15 
(68, 70) in said hollow member (110) is on the 
order of 0.076mm (.0003 inch). 

17. A method according to claim 14, 15 or 16 
wherein in the forming of said preform (80) .each 

said barrier layer (68, 70) is compressed at a 20 
pressure of 2.18 Pa (15,000 p.s.i.) to 2.47 Pa 
(17.000 p.s.i.) to effect said diffusion bond. 

18. A method according to claim 17 wherein a 
high pressure is maintained as said preform cools 

and sets to prevent separation between the layers 25 
(58, 60, 68, 70, 72) due to shrinkage. 

19. A laminated preform according to any of 
claims 1 to 8 wherein said layers (68, 70) of barrier 
material are tightly compressed between adjacent 
ones (58, 72, 60) of said layers to form diffusion 30 
bonds with adjacent layers. 

20. A blow molded container according to an of 
claims 9 to 13 wherein there are diffusion bonds 
between said barrier material layers (68, 70) and 

said first layers (58, 60) and further layer (72) of 35 
thermoplastics resin. 

21. A blow molded container according to 
claim 20 wherein all of said layers are biaxially 
oriented. 

40 
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